INTRODUCTION {#sec1-1}
============

> "The problems are solved, not by giving new information, but by arranging what we have known since long."
>
> --Ludwig Wittgenstein (1889--1951)

In contrast to the skin, aging of the hair has seemingly only recently found the attention of major dermatological meetings, mainly promoted by the cosmetic industry for global marketing purposes.\[[@ref1]\] Since the appearance of hair plays an important role in people\'s overall physical appearance and self-perception, and aging of the hair is particularly visible, the hair care industry has a substantial interest in delivering products that are directed toward meeting this consumer demand. With today\'s increasing life-expectation and quality of life, the desire for beautiful, healthy looking hair plays a bigger role than ever. This attention reflects a hair care market that is a multibillion dollar enterprise worldwide.

Meanwhile, basic scientists interested in the biology of hair growth and pigmentation have for some time already exposed the hair follicle as a highly accessible model with unique opportunities for the study of the age-related effects:\[[@ref2]\] the hair follicle\'s complex multicell type interaction system involving epithelium, mesenchyme, and neuroectoderm, and its unique cyclical activity of growth, regression, rest, and regrowth provide the investigator with a range of stem, differentiating, mitotic, and postmitotic terminally differentiated cells, including cells with variable susceptibility to apoptosis, for study.

As a result, the science of hair aging focuses on two main streams of interest: the esthetic problem of aging hair and its management, regarding age-related effects on hair color, quantity, and quality; and the biological problem of aging hair, regarding microscopic, biochemical, and molecular changes underlying the aging process.\[[@ref3]\]

It is the aim of this paper to supply a comprehensive comment of what has been known and what is new in the science of hair aging, and its relevance for the research and development of effective strategies for maintenance of beautiful and healthy hair in the young and old.

FIRST ATTEMPTS INTO AN UNDERSTANDING OF HAIR AGING {#sec1-2}
==================================================

The original studies into hair aging were performed in the 1980\'s by Pinkus,\[[@ref4]\] Ebling,\[[@ref5]\] and Kligman.\[[@ref6]\] Ebling\'s estimation of the diameters of plucked scalp hairs is the first credible attempt to measurement in the literature. He found that regardless of age, hairs from the same individual showed a wide diversity of diameters, with a shift toward smaller diameters with old age.\[[@ref5]\] While Pinkus originally coined the term senile alopecia,\[[@ref4]\] Kligman performed the first comparative histopathology of male pattern baldness and senescent alopecia with the conclusion that male pattern baldness and senescent alopecia are clearly different processes:\[[@ref6]\] while he found that hair follicle miniaturization, inflammation, and fibrosis are the hallmarks of male pattern baldness, senescent alopecia was characterized by a modest reduction in the size of follicles that were otherwise normal. Therefore, he considered what Pinkus had described as a "fibrosing alopecia, the result of a prominent increase in collagen which choked the epithelium of the follicle till it disappeared, leaving only a collapsed fibrous sheath"\[[@ref4]\] rather to be a late stage of male pattern baldness in the elderly than senescent alopecia. Since streamer fibrosis was not a feature of senescent alopecia, he considered that "theoretically at least, hair growth in senescent alopecia could be stimulated by pharmacological means, because scarring does not stand in the way."\[[@ref6]\]

In 1995, Courtois *et al*.\[[@ref7]\] studied the duration of hair cycles in balding and nonbalding male subjects by observations at monthly intervals over a period of 8--14 years to characterize the effects of aging on the hair of these subjects. They found a reduction in the duration of hair growth and in the diameter of hair shafts, and a prolongation of the interval between the shedding of a hair in telogen and the emergence of a replacement hair in anagen. Interestingly, aging did not appear to follow a perfectly regular course over time. Periods of stability, or even partial remission, alternated with periods of more marked evolution, reflecting perhaps the influence of individual factors such as the individual\'s general health, lifestyle, and risk factors for aging.

At the turn of the millennium, some controversy arose with regard to the concept of senescent alopecia specifically whether pattern hair loss and senescent alopecia represented two distinct entities: in a study performed in 2001, Price *et al*.\[[@ref8]\] compared men aged 60 years or older with presumed senescent alopecia with younger men with typical male pattern hair loss and found in scalp biopsies from patients with senescent alopecia follicular miniaturization that was indistinguishable from male pattern baldness. The histopathology of aging hair was further scrutinized in 2003 by Sperling,\[[@ref9]\] in 2005 by Sinclair and Chapman,\[[@ref10]\] and in 2011 by Whiting,\[[@ref11]\] who all found modest changes in total hair counts, anagen-to-telogen-ratios, and terminal-to-vellus hair ratios in senescent alopecia and a significant overlap with pattern hair loss. Furthermore, inflammation was not a feature. Ultimately, Whiting concluded that old age was not a significant cause of hair loss.\[[@ref11]\]

VENTURE INTO THE COSMETIC PROPERTIES OF AGING HAIR {#sec1-3}
==================================================

Aging of hair affects the hair color, the hair production, and the structural properties of the hair fiber with its consequence for manageability and overall appearance of the hair. While most dermatological literature on age-related hair changes has focused on hair loss, it is equally important that the hair fibers that emerge from the scalp exhibit significant age-related changes that have an equal impact on the overall cosmetic properties of the hair.\[[@ref12]\] Depending on the individual\'s original hair color, quantity, quality, and hair care habits, there is a great variability in the age of onset of first signs of hair aging.

Age-related deterioration of cosmetic properties of hair is related to changes in hair pigmentation (graying), diameter, curvature, structural properties (stretching, bending, torsional rigidity), lipid composition, and the interdependence of these changes. It is these changes that are ultimately experienced by subjects that have retained their hair as they age.\[[@ref12]\]

Hair diameter changes with age are likely to impart the largest impact on overall perception of hair aging. The largest study on female hair diameter in relation to age was performed in 1988 by Otsuka and Nemoto\[[@ref13]\] on \>18\'000 Japanese females aged 10--60 years. The study showed that hair diameter versus age does not represent a linear relationship, but rather a curvature that increases to a maximum near the age of 40 and thereafter decreases. The second largest study performed more recently by Robbins *et al*.\[[@ref14]\] on 1099 Caucasian females aged 18--66 years with perceived hair loss revealed the age for maximum diameter to be 43--46 years. Several smaller studies on age versus diameter were in reasonable agreement with the conclusions of these two large studies, indicating that the age of maximum diameter for females is near the forties. One exception is the study of Birch *et al*.\[[@ref15]\] on \>300 Caucasian females concluding that the age for maximum hair diameter was near the thirties. Postmenopausal women were shown to have significantly lower hair fiber diameters (lower frontal scalp hair density, and lower growth rates) than premenopausal women for the frontal but not the occipital scalp region. This effect was independent of age, together with the colocalization with pattern hair loss, suggesting an impact of the hormonal effects of menopause on hair diameter.

In contrast to females, Otsuko and Nemoto\[[@ref13]\] found in Japanese men scalp hair fiber diameter to increase to a maximum in the late teenage years and then to decrease relatively rapidly with increasing age. In their study of 10 male subjects aged 25--49, Courtois *et al*.\[[@ref7]\] demonstrated that the diameter of hair shafts decreased with age beginning at age 25.

Changes in hair fiber curvature with age have an important effect on almost all important cosmetic properties. Nagase *et al*.\[[@ref16]\] studied hair curvature of hair from 132 Japanese females aged 10--70 years, and found an increase in curvature with age. In a different publication by the same authors,\[[@ref17]\] frizziness was explained as a lack of synchronization in the curvature of neighboring hair fibers in an assembly of hair.

Changes in hair fiber diameter and curvature with age also affect structural properties of hairs increasing combing forces and therefore breakage.

Robbins *et al*.\[[@ref14]\] described the effects of the diameter and hair density in relation to age, and proposed a new metric relative scalp coverage for the perception of the amount of hair on one\'s head. This metric is defined as a two-dimensional parameter as the average of fiber cross-sectional area multiplied by the number of hair fibers per square centimeter. Considering diameter and density, relative scalp coverage was found to peak at age 35, as a result of hair diameter increasing until about age 45, and density peaking in the late twenties. Robbins *et al*.\[[@ref14]\] further proposed that when additional relevant parameters are taken into account for relative scalp coverage, it will provide a multidimensional parameter involving: diameter, density, fiber curvature, and color. As the color of hair changes with age, the perception of scalp coverage will change. In addition, graying will decrease hair luster.

Age-related lipid changes affect hair greasiness, shine, softness, and smoothness. The two major sources of hair lipids are the hair matrix cells (cholesterol, cholesterol sulfate, ceramides, covalent fatty acids, 18-methyl eicosanoic acid) and the hair follicle-associated sebaceous glands (squalene, wax esters, triglycerides, and total fatty acids). The amount of sebum produced varies with the size of sebaceous glands, being low before puberty, rapidly increasing at puberty, and remaining at a high level until 45--50 where it declines. The decline is greater in females than in males.\[[@ref18]\]

Finally, weathering represents the wear and tear that mainly affects the free end of the growing hair fiber. Once the hair shaft leaves the skin and grows, it undergoes some degree of degeneration depending on the extent of environmental and cosmetic damage. Since scalp hair has the longest hair growing phase, it is subject to more damage than hairs of other body sites. In normal hair, the damage is most prominent near the tip of scalp hair that often appears lusterless and paler than the more proximal growth, with varying degrees of split ends (trichoptilosis). The hair fiber with its normal surface structure of overlapping cuticular cells is potentially susceptible to friction damage from excessive combing and brushing, particularly when wet. Gray hair has been found to have increased sensitivity to weathering,\[[@ref19]\] increased cysteic acid residues and decreased cystine, and increased fiber reactivity to reducing and oxidizing agents. Moreover, gray hair is more sensitive to ultraviolet radiation (UVR). Photochemical impairment of the hair includes degradation and loss of hair proteins as well as degradation of hair pigment. UV-B radiation is responsible for hair protein loss, and UV-A radiation is responsible for hair color changes. Absorption of radiation in photosensitive amino acids of the hair and their photochemical degradation is producing free radicals. They have adverse impact on the hair proteins, especially keratin, while melanin can partially immobilize free radicals and block their entrance in the keratin matrix.

ESTABLISHMENT OF GERONTOBIOLOGY OF THE HAIR FOLLICLE AS A SCIENCE {#sec1-4}
=================================================================

On the basis of their investigations into hair graying, Tobin and Paus\[[@ref20]\] ultimately established the study of the aging hair follicle as a science they called "gerontobiology of the hair follicle". As opposed to the continuous cutaneous melanogenesis, the coupling of hair follicle melanogenesis to the hair growth cycle is a distinguishing feature of follicular melanogenesis. This cycle involves periods of melanocyte proliferation and maturation during anagen, and melanocyte death through apoptosis during catagen. Each hair cycle is associated with the reconstruction of an intact hair follicle pigmentary unit at least for the first 10 cycles, thereafter white hairs appear suggesting age-related exhaustion of the pigmentary potential in the individual hair follicle.

So far, the process of hair graying has been attributed to the loss of the pigment-forming melanocytes from the aging hair follicle.\[[@ref21]\] The net effect of this reduction is that fewer melanosomes are incorporated into cortical keratinocytes of the hair shaft. In addition, there appears also to be a defect of melanosome transfer, as keratinocytes may not contain melanin despite their proximity to melanocytes with remaining melanosomes. This defect is further corroborated by the observation of melanin debris in and sometimes around the graying hair bulb. This anomaly is due to either defective melanosomal transfer to the cortical keratinocytes or melanin incontinence due to melanocyte degeneration. Eventually, no melanogenic melanocytes remain in the hair bulb. This decrease of melanin synthesis is associated with a decrease in tyrosinase activity.

Ultrastructural studies have shown that remaining melanocytes not only contain fewer melanosomes; however, the residual melanosomes may be packaged within autophagolysosomes. This removal of melanosomes into autophagolysosomes suggests that they are defective, possibly with reactive melanin metabolites. This interpretation is supported by the observation that melanocytes in graying hair bulbs are frequently highly vacuolated, a common cellular response to increased oxidative stress.\[[@ref20]\]

By analogy to Harman\'s\[[@ref22]\] original free radical theory of aging, Arck *et al*.\[[@ref23]\] proposed a "free radical theory of graying:" the extraordinary melanogenic activity of pigmented bulbar melanocytes, continuing for up to 10 years in some hair follicles, is likely to generate large amounts of reactive oxygen species through the hydroxylation of tyrosine and the oxidation of DOPA to melanin. If not adequately removed by an efficient antioxidant system, an accumulation of these reactive oxidative species will generate significant oxidative stress. It is possible that the antioxidant system becomes impaired with age leading to damage to the melanocyte itself from its own melanogenesis-related oxidative stress. Since mutations occur at a higher rate in tissue exposed to high levels of oxidative stress, and these accumulate with age, the induction of replicative senescence with apoptosis is likely to be an important protective mechanism against cell transformation. Wood *et al*.\[[@ref24]\] originally demonstrated that human white scalp hair shafts accumulate hydrogen peroxide (H~2~O~2~) in millimolar concentrations and almost absent catalase and methionine sulfoxide reductase (MSR) protein expression in association with functional loss of methionine sulfoxide repair in the entire gray hair follicle. Accordingly, methionine sulfoxide formation of methionine residues (Met), including Met 374 in the active site of tyrosinase, the key enzyme in melanogenesis, limits enzyme functionality, which eventually leads to loss of hair color. While the entire hair follicle is subject to H~2~O~2~-mediated stress, it is tempting to assume that, besides tyrosinase and MSR, other proteins and peptides, including anti-apoptotic Bcl-2 protein, are targets for oxidation, which in turn could explain melanocyte apoptosis in the gray hair follicle.

Since the discovery of unpigmented melanocyte stem cells located within the hair follicle by Nishimura *et al*.,\[[@ref25]\] the question arose whether the process underlying hair graying arises specifically from changes in differentiated, pigmented melanocytes or the unpigmented progenitors which provide them. Utilizing melanocyte-tagged transgenic mice and aging human hair follicles, Nishimura *et al*.\[[@ref26]\] demonstrated that hair graying is caused by defective self-maintenance of melanocyte stem cells, and not of differentiated melanocytes.

Now, what does the aging of the hair follicle pigmentary unit teach us about aging of the hair follicle? Ultimately, Nishimura.\[[@ref27]\] also found mouse hair follicles to age through defective renewal of hair follicle stem cells in the same manner as maintenance of melanocyte stem cells becomes incomplete with aging. Using genomic instability syndromes and exposure to ionizing radiation as models, Nishimura proposed an accumulation of DNA damage to be involved in the aging process of the hair follicle. Hair production is fueled by stem cells, which transition between cyclical bouts of rest and activity. Aged hair follicle stem cells exhibit enhanced resting and abbreviated growth phases and are delayed in response to tissue-regenerating cues. Ultimately, aged hair follicle stem cells are poor at initiating proliferation and show diminished self-renewing capacity on extensive use.

SENESCENT ALOPECIA AND PATTERN HAIR LOSS: SIMILARITIES AND DIFFERENCES {#sec1-5}
======================================================================

Senescent alopecia has been defined as non-androgen-dependent hair thinning found in those over 60 years of age with a negative family history for common baldness. Much like pattern hair loss, it involves a progressive decrease in the number of anagen follicles and hair diameter. And yet, data comparing senescent alopecia with pattern hair loss using microarray analysis have demonstrated significant differences in the gene expression profiles suggesting that they represent different entities:\[[@ref28]\] In senescent alopecia, genes involved in epithelial signal to dermal papilla (FGF5), actin cytoskeleton (DST, ACTN2, TNNI3, PARVB) and mitochondrial function (JAK2, PRKD3, AK2, TRAP1, TRIO, ATP12A, MLL4, STK22B) were downregulated, while oxidative stress and inflammatory response genes were upregulated. In pattern hair loss, genes required for anagen onset (Wnt-beta-catenin, TGF-alpha, TGF-beta, Stat-3, Stat-1), epithelial signal to dermal papilla (PPARd, insulin-like growth factor-1 \[IGF-1\]), hair shaft differentiation (Notch, Msx2, KRTs, KAPs), and anagen maintenance (Msx2, Activin, IGF-1) were downregulated, while genes for catagen (BDNF, BMP2, BMP7, VDR, IL-1, ER) and telogen induction and maintenance (VDR, RAR) were upregulated.

In pattern hair loss, major advances have been achieved in the understanding of peculiarities of the androgen metabolism involved.\[[@ref29]\] Since many extrinsic hair growth-modulatory factors, such as androgens,\[[@ref30]\] apparently operate at least in part through the dermal papilla, research is focused on identifying androgen-regulated factors deriving from dermal papilla cells. Of the factors that have been suggested to play a role in hair growth, IGF-1 has been reported as altered *in vitro* by androgens,\[[@ref31]\] and stem cell factor (SCF) has been found to be produced in higher amounts by androgen-dependent beard cells than in control nonbalding scalp cells, presumably also in response to androgens.\[[@ref32]\] Since SCF is the ligand for the cell surface receptor c-kit on melanocytes, this may also play a role for hair pigmentation. Nevertheless, the limited success rate of treatment of pattern hair loss with modulators of androgen metabolism, such as the 5alpha-reductase inhibitors, means that further pathogenic pathways must be taken into account with oxidative stress and follicular microinflammation and fibrosis being the focus of current investigations.

Naito *et al*.\[[@ref33]\] analyzed the effect of lipid peroxides on hair follicles and observed that the topical application of linolein hydroperoxides, one of the lipid peroxides, lead to the early onset of the catagen phase in murine hair cycles. Furthermore, they found that lipid peroxides induced apoptosis of hair follicle cells. They also induced apoptosis in human epidermal keratinocytes by upregulating apoptosis-related genes. These results indicate that lipid peroxides, which can cause free radicals, induce the apoptosis of hair follicle cells, and this is followed by early onset of the catagen phase.

Finally, Bahta *et al*.\[[@ref34]\] al cultured dermal hair papilla cells (DPC) from balding and nonbalding scalp and originally demonstrated that balding DPCs grow slower *in vitro* than nonbalding DPCs. Loss of proliferative capacity of balding DPCs was associated with changes in cell morphology, expression of senescence-associated beta-galactosidase, decreased expression of proliferating cell nuclear antigen and Bmi-1, upregulation of p16 (INK4a)/pRb and nuclear expression of markers of oxidative stress and DNA damage including heat shock protein-27, superoxide dismutase catalase, ataxia-telangiectasia-mutated (ATM) kinase, and ATM-and Rad3-related protein. The finding of premature senescence of balding DPC *in vitro* in association with expression of p16 (INK4a)/pRB suggests that balding DPCs are particularly sensitive to environmental stress.

In view of this role of oxidative stress, the question arises whether pattern hair loss should not be redefined from a genetically determined, androgen-induced, age-dependent, progressive hair loss with sex-dependent differences in incidence, pattern and severity to a genetically determined, organ-specific (hair follicle), accelerated aging process with increased sensitivity to internal and external factors of hormonal, environmental, inflammatory, vascular, and dietary origin, with its implications for treatment strategies beyond minoxidil and the 5alpha-reductase inhibitors.\[[@ref3]\]

The implication of a microscopic follicular inflammation in pattern hair loss has emerged from several studies.\[[@ref35][@ref36][@ref37]\] Mahé *et al*.\[[@ref36]\] proposed the term "microinflammation" because the process involves a slow, subtle, and indolent course, in contrast to the inflammatory and destructive process in the classical inflammatory scarring alopecias. The significance of these findings is underscored by the morphometric studies performed by Whiting,\[[@ref37]\] who showed that a smaller proportion of male pattern hair loss patients with evidence of microinflammation and fibrosis had regrowth in response to treatment in comparison to those without. An important question is how the inflammatory reaction is generated around the individual hair follicle. Inflammation is regarded a multistep process which may start from a primary event. Eichmüller *et al*.\[[@ref38]\] proposed that alopecia may result from cumulative physiological degeneration of selected hair follicles: they described in healthy murine skin clusters of perifollicular macrophages as perhaps indicating the existence of a physiological program of immunologically controlled hair follicle degeneration by which malfunctioning follicles are removed by programmed organ deletion, and suggested that perhaps an exaggerated form of this process might underlie some clinical forms of primary scarring alopecia, specifically fibrosing alopecia in a pattern distribution\[[@ref39]\] or cicatricial pattern hair loss.\[[@ref40]\]

HAIR FIBER QUALITY OF LIFE FROM SCALP TO TIPS {#sec1-6}
=============================================

The medical focus has traditionally been on either hair loss or on specific dermatologic conditions of the scalp. Indeed, the adjoining structural arrangement of the scalp and hair leads to an interdependent relationship between the two. The protective benefits of the hair to the scalp, such as UVR screening, moisture retention, and mechanical shielding, are apparent, while the role of the scalp as an incubatory environment for the pre-emergent hair fiber is often disregarded.\[[@ref41]\] However, there is a wealth of observational data on specific dermatological conditions of the scalp, such as dandruff and seborrheic dermatitis,\[[@ref42][@ref43][@ref44][@ref45][@ref46][@ref47][@ref48]\] atopic dermatitis,\[[@ref44][@ref49]\] and psoriasis,\[[@ref50][@ref51][@ref52][@ref53][@ref54][@ref55][@ref56][@ref57][@ref58][@ref59]\] providing the evidence for the role of the scalp condition in supporting the production of healthy hair. Again, oxidative stress is prevalent in all of these skin conditions,\[[@ref60][@ref61][@ref62][@ref63][@ref64][@ref65][@ref66][@ref67][@ref68][@ref69][@ref70][@ref71][@ref72]\] just as in normal skin aging and related to the specific microbiome of the scalp and to the environmental exposures.

The scalp is the anatomical area bordered by the face at the front, and by the neck at the sides and back, with a usually high density of terminal hair growth and numerous sebaceous glands. These contribute to a specific microenvironment. Explicitly, sebaceous areas have greater species richness than dry ones, with implications for both skin physiology and pathologic conditions.\[[@ref73]\] Specifically, the scalp commensal lipophilic yeast *Malassezia* spp. normally inhabits the scalp, making up about 45% of its resident microflora, while in patients with dandruff, it is the predominant yeast type with about 75%, and in seborrheic dermatitis with about 83% of the scalp\'s resident microflora.\[[@ref74]\] The inflammatory process is believed to be mediated by fungal metabolites, specifically free fatty acids released from sebaceous triglycerides, while it has been recognized to be a source of oxidative stress.\[[@ref75]\]

In summary, the condition of the hair fiber must be viewed as the result of a combination of preemergent and of postemergent factors.\[[@ref76]\] Sources of oxidative stress with impact on the preemergent fiber include oxidative metabolism,\[[@ref77]\] smoking,\[[@ref78]\] UVR,\[[@ref79]\] inflammation from microbial, pollutant, or irritant origins, and oxidized scalp lipids. Sources of oxidative stress with impact on the postemergent fiber include again UVR enhanced by the presence of copper,\[[@ref80]\] and the chemical insults from oxidizing hair colorants and pollutants.

HAIR ANTI-AGING STRATEGIES {#sec1-7}
==========================

As in the rest of anti-aging medicine, the aim of hair anti-aging is to delay, lessen or reverse the effects of aging on hair. According to the complex nature of the aging process, the treatment for lifetime scalp and hair health has to be holistic to include the multitude of contributing factors in a polyhedral and patient-specific manner. It comprises both medical treatments and hair cosmetics.\[[@ref81]\]

Accordingly, the discovery of pharmacological targets and the development of safe and effective drugs for the treatment of hair loss indicate strategies of the drug industry for maintenance of hair growth and quantity, while the hair care industry has become capable of delivering active compounds directed toward meeting the consumer demand for maintenance of hair cosmesis and quality.

Medical treatments include specific pharmacological treatments of patterned hair loss, such as topical minoxidil and 5alpha-reductase inhibition, pharmacological treatments of specific dermatological conditions of the scalp, such as dandruff and seborrheic dermatitis, and management of age-related general health problems affecting the condition of the hair: nutritional, endocrine, psychological, drug-related, substance abuse (including smoking), and multimorbidity.

Since there is a decrease in 5alpha-reductase activity in senescent alopecia,\[[@ref8]\] efficacy of the 5alpha-reductase inhibitors decreases in men after the age of 60 years. Given that minoxidil exerts its effect independent of androgen metabolism, and fibrosis is not a feature of senescent alopecia, minoxidil works well in these men who have retained some hair \[[Figure 1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\]. Moreover, minoxidil is effective in women irrespective of estrogen levels, and therefore, retains its efficacy in women after menopause \[[Figure 2a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"}\], and in women undergoing endocrine therapy for breast cancer.\[[@ref82]\]

![Successful treatment of senescent alopecia in a 70-year old male with 5% topical minoxidil solution b. i. d. (a) before, and (b) after 6 months treatment](IJT-10-245-g001){#F1}

![Successful treatment of senescent alopecia in an 83-year old female with 2% topical minoxidil solution b. i. d. (a) before, and (b) after 6 months treatment](IJT-10-245-g002){#F2}

The value of the special ingredients shampoos cannot be underscored as additional elements to enhance the action of the pharmaceutical agents, either topical or systemic, by cleansing the scalp and contributing to a healthy scalp microbiome. The use of appropriate surfactants, combined with ingredients such as zinc pyrithione, ciclopirox, salicylic acid,\[[@ref83][@ref84][@ref85][@ref86]\] copper chelating agents, such as N, N\'-ethylene diamine disuccinic acid and histidine,\[[@ref87]\] and others, contribute to maintain *Malassezia* spp. and oxidative stress under control.

Cosmetic treatments include appropriate hair grooming habits, appropriate shampoo selection, conditioner use, hair coloring, hair styling aids, and hair and scalp photoprotection. The efficacy of hair growth promoting agents or anti-aging active ingredients in shampoo form is questionable given their dilution with water and short contact time, unless they can be absorbed in effective quantities. Nevertheless, cosmetic products represent a key integral part of management of aging hair since they may significantly improve the condition of the hair fiber with more immediate effects than the pharmacological agents. Specifically, a leave-on technology combination of caffeine, niacinamide, panthenol, dimethicone and an acrylate polymer (CNPDA) has been demonstrated to affect both the diameter and the behavior of individual terminal scalp hair fibers. Beyond the diameter increase, the CNPDA-thickened fibers also demonstrated increased suppleness/pliability (decreased shear modulus) and better ability to withstand force without breaking (increased break stress). Although cosmetic treatments will not reverse the process of hair aging, such technologies help mitigate the effects of age-related thinning of hair.\[[@ref88]\]

Finally, there are a number of botanicals with alleged anti-aging effects from both traditional Chinese and Ayurvedic medicine. Asia, Korea, China, and Japan have legally adopted the traditional Oriental medical system along with Western medicine. A number of traditional herbal drugs, including the polypharmacy type of prescription, i.e., the combination of multiple herbs, are available and widely dispensed. This polypharmacy type of herbal therapy allegedly exhibits holistic effectiveness by exerting multitargeted effects. The Traditional Oriental Medicine Database (Tradi Med 2000 DB) represents a database containing specific information such as: formulae, chemical information on ingredients, botanical information on herbal materials, and a dictionary of disease classifications. Using the TradMed 2000 DB, Chang\[[@ref89]\] identified more than a dozen herbs with anti-aging effects used in traditional Oriental herbal therapy, of which *Polygonum multiflorum* and *Panacis ginseng radix* \[[Figure 3](#F3){ref-type="fig"}\] probably represent the commercially most utilized in hair cosmetics, also on the Western market. The former is also referred to as "Ho Shou Wu", literally meaning "Mr. Ho\'s hair is black". The name refers to the story of a 58-year-old man named Ho, whose gray hair returned to its black color after taking the herb. He also became more youthful and was able to father several children. Supposedly, he lived to become 160, retaining his black hair. The English word ginseng derives from the Hokkien Chinese jîn-sim (人蔘), with the first character 人 meaning "person" and the second 蔘 "plant root", referring to the root\'s peculiar anthropomorphic shape. Although the effective constituents of the traditional herbal remedies have not been fully elucidated, and for many, there is little clinical evidence for their health benefits, there is an emerging interest to study them systematically with respect to current research trends in popular anti-aging medicine.

![Traditional Chinese herbal remedies with alleged anti-aging properties: *Polygonum multiflorum* or "Ho Shou Wu," literally meaning "Mr. Ho\'s hair is black" (left), and *Panacis ginseng radix* praised for its anthropomorphic form (right)](IJT-10-245-g003){#F3}
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